Fig 4 Ankylosing spondylitis. Advanced changes with head offemur enlarged by new bone formation which appears to articulate with new bone formation around the acetabular rim. With difficulty, the original contour ofthe head can be made out siderably more. Sometimes the joint is obscured and sometimes a ghost of the space is left. Some authors have suggested that in one case the ankylosis is merely capsular; indeed a recent report with some tomograms seemed to support this view (Duirrigl et al. 1965 ). Nevertheless, Rutishauser & Jacqueline (1964) state that ankylosis is always generalized.
Summary
The main feature of rheumatoid affection of the hip joint is upper inner joint narrowing with the femoral head burrowing into the pelvis, with, in 25 % of cases, femoral head changes and/or acetabular protrusion, whereas in spondylitis the joint space and anatomy tend to be preserved but there is new bone formation around the perimeter of the femoral articular surface which may form a typical ruff. In a recent review of 8 children suffering from hypophosphatmmic osteomalacia I was impressed by a fairly characteristic pattern of coxa vara present in half, and it seems that there is a difference to be noted between the appearances in this condition and those in azotwmic glomerular osteodystrophy.
AzotEemic glomerular osteodystrophy is most commonly seen in adolescence and there is frequently a congenital lesion responsible for the renal failure, e.g. hydronephrosis secondary to bladder neck obstruction, chronic pyelonephritis possibly related to ureteric reflux, or chronic acidosis with nitrogen and phosphate retention. In these circumstances secondary hyperparathyroidism tends to supervene so that the radiological appearances are those of hyperparathyroidism superimposed on osteomalacia.
In tubular insufficiency, on the other hand, there is tubular damage or dysfunction without glomerular insufficiency, hence no azotemia or phosphate retention. In these circumstances secondary hyperparathyroidism is rare and the bone changes of this condition do not supervene.
In the cases of hypophosphatemic osteomalacia presented, there was an inherited tubular defect which was simply a failure of phosphate retention. There was no loss of glucose, amino acids, potassium, or any of the substances associated with the more complex renal tubular defects. The radiological changes are those of a pure osteomalacia, and have been known under a variety of names such as vitamin D resistant rickets, late rickets and familial phosphate diabetes, and raised resistance to vitamin D (RRD).
In azotwmic glomerular osteomalacia, as in other forms of rickets, there is the well-known disappearance of the zone of provisional calcification and loss of mineralization in the metaphysis, seen best at sites of maximum growth activity, notably the wrist, knee and ankle. The hip is no exception and in the case illustrated in Fig 1A, the widening of the translucent zone is seen but there is, in addition, slipping of the femoral capital epiphysis on the neck, the head moving downwards and medially so that it protrudes below the inferior margin of the acetabulum. This is a well-known complication of such a renal osteodystrophy. There is also slight bending of the neck associated with the rickets, but apart from this the coxa vara deformity is largely due to the slipped epiphysis in the classic pattern of adolescent coxa vara, the early signs of which have been described by Jacobs (1962 an immense shearing strain in this region. However, this did not occur; as if in response to the strain, a beak-like extension of the inferior portion of the neck is observed growing out to support the epiphysis: or perhaps there is a relative underdevelopment of the upper part of the neck (Fig 1B) . Whatever the mechanism, the end result is to restore the plane of the epiphyseal line to something approaching normality, but with the upper surface of the femoral neck much shorter than the inferior surface.
This deformity is not unique to this form of rickets; similar changes may be observed in simple nutritional rickets and in hypothyroidism in children. What is interesting is the contrast to the changes in the glomerular form with its adolescent type of coxa vara. This is exemplified by a case where similar changes in relative growth of the upper and lower surfaces of the proximal femoral metaphysis were observed. Here, however, it would seem that the beak-like extension was insufficient to support the thrust through the femoral head and a plane of cleavage has occurred, with separation of a triangular metaphyseal fragment (Fig 2A) . The similarity of this appearance to that of infantile coxa vara is impressive (Fig 2B) . Several theories have been advanced to explain the formation of this fragment, Brailsford (1953) considering it to be a dysostosis, i.e. a developmental defect in ossification, others believing that it is diaphyseal spur arising as a separate centre of ossification. Its appearance here in a patient with softened bone lends support to a third theory, that it is a fracture due to a shearing stress. It is easy to believe this but more difficult to explain why, after fracture has occurred, there is not more displacement. Subtrochanteric osteotomy healed well, with union of the triangular fragment, and a satisfactory clinical result ensued.
It is interesting that in the earliest films of the malacic patient, taken one year earlier, there was a suspicion of a similar cleavage about to occur in the other hip, but two months later healing was taking place and after six months it had completely resolved. This abortive cleft had all the appearances of a Looser's zone. The latter were commoner on concave surfaces, especially in this region. I will refer to this point again later in relation to the adult patient.
In the adult suffering from hypophosphatxemic osteomalacia quite different but equally remarkable changes are observed. After growth has ceased, extensive and characteristic changes occur throughout the skeleton. Normally the hip should not be considered in isolation, but in these patients it is justifiable to do so because of the changes in this region and the mode of presentation. Briefly, the picture is one of generalized increase in bone density, with curious changes occurring on the surfaces of bones and associated calcification and ossification in ligamentous and tendinous attachments.
None of 9 adult patients examined showed any generalized loss of radiological bone density and the majority showed a generalized increase in density. This observation needs explanation if this condition is to be called osteomalacia. Histological examination of bones in this disease reveals increase in the amount of mineralized bone per unit volume compared with normal controls of the same age; but in addition there is a marked excess of unmineralized osteoid, quite out of proportion to the mineralized bone, so that the condition must be regarded on histological evidence as a true osteomalacia, despite the paradoxical increase in bone density. This is borne out clinically by the response to vitamin D in large doses, and radiologically by the presence of Looser's zones, bowing of the legs and all the other stigmata of osteomalacia. Although Looser's zones were common in children, unequivocal zones were observed in only 2 of the 9 adult patients. In children they were more frequent on concave surfaces, particularly at the site of maximum stress, and in the adult patients they were seen most frequently in the upper femora, especially round the femoral necks.
In one of the adults bilateral coxa vara was present and appeared to be due to fractures at the base of the femoral neck. It is likely that these occurred at the site of earlier pseudo-fractures, and it is interesting that although angulation occurred, as in the children, there was again little or no displacement. The changes on the periosteal surfaces of bones are striking and probably represent calcification and, later, ossification in muscle attachments and the lines of insertion of the interosseous membrane of the bones of the forearm and lower leg.
In the pelvic girdle florid calcification occurs along the iliac crests, the anterior iliac spines, ischial tuberosities, greater and lesser trochanters as well as the pelvic ligaments.
When this condition manifests itself in the adult patient, as it frequently does, it usually presents as pain and stiffness of the hips and spine. The stigmata of childhood rickets may not be marked or, if present, their significance may not be realized. There is marked restriction of spinal flexion and painful limitation of hip movement, particularly of abduction. The clinician may be forgiven for making a presumptive diagnosis of ankylosing spondylitis.
In 7 of 9 adults examined the hips showed calcification in what must surely be the joint capsule: sometimes gross calcific masses are seen round the acetabular margin, which must reduce movement, if only mechanically. Further changes are noted in the trochanters, iliac spines and ischial tuberosities (Fig 3A) .
In addition, in 6 out of 7 patients with hip involvement, abnormalities were present in the sacroiliac joints and lumbar spine (Fig 4A, B) . Calcification was frequent in the annulus fibrosus, particularly in the peripheral fibres, and where this was minor in degree, small spicules of calcification at the attachment of fibres had the effect of sharpening the normally rounded edges of the vertebral bodies. The anterior concavity was sometimes filled in, producing squaring of the vertebral bodies, and in the more advanced case there is calcification in the deeper fibrocartilaginous fibres of the annulus and anterior and posterior common ligaments (Fig 4B) .
It is easy to see, therefore, how such cases have in the past been misdiagnosed as ankylosing spondylitis; indeed, in one of this series, the patient had already received therapeutic doses of radiation to the spine, before eventually being referred to a metabolic unit for elucidation.
The appearance of the hips in this condition may be compared with what is seen in ankylosing spondylitis. Dr Glick has already described and illustrated the manifestations of ankylosing spondylitis, not only in the hip-joint itself but in the surrounding bony landmarks. Fig 3A shows a hip in hypophosphatmmic osteomalacia. The roughening of the trochanters, iliac spines and ischial tuberosities is obvious as well as the calcification in the joint capsule, which may be a differential point. In some cases large cystic areas are evident in the acetabulum, pubic rami and ischium. The hip-joint surfaces, however, are fairly well preserved, as is the joint space, and although there is sclerosis of the acetabular margin, the femoral head is not sclerosed and there is little or no subarticular cystic change. In ankylosing spondylitis, on the other hand, there is frequently loss of joint space, and dense subarticular sclerosis particularly in the superior part of the femoral head and adjacent acetabulum with all the manifestations of a true arthritis. Examination of the ischium also frequently reveals more evidence of a true erosive process with associated sclerosis, as well as the fluffy muscular insertions.
Differentiation, however, is not as simple as this in every case. In Fig 3B roughening of the ischial tuberosities, iliac spines, and deepening of the acetabulum are seen. There is a hint of capsular calcification. Is it osteomalacia or ankylosing spondylitis? The answer is neither; it is a known case of Reiter's disease. The presence of os calcis spurs is of little diagnostic help, as they may be present both in Reiter's disease and in hypophosphatwmic osteomalacia (Fig 5) . There is, therefore, more than a superficial resemblance between this metabolic bone disease and some of the arthropathies of less well-established vtiology and an attempt must be made to distinguish them.
The findings so far can be summarized in these terms: hypophosphatmmic osteomalacia is a generalized disease and manifests itself throughout the skeleton; quite distinctive changes are found, for instance, in the forearms, wrists and hands ofmany patients.
Briefly, the manifestations of the disease in hips, spine and pelvis are: (1) Calcification and ossification in tendinous and ligamentous insertions round the hip-joint, in particular in the greater and lesser trochanters and the ischial tuberosities.
(2) Calcification around the acetabular margin and in the joint capsule. (3) Calcification in the pelvic ligaments, including the sacroiliac ligaments which tend to obscure the sacroiliac joints. These may appear to be ankylosed. (4) Calcification in the peripheral fibres of the intervertebral discs, and anterior and posterior interosseous ligaments, and squaring of the bodies in the lateral view. (5) Calcification in the interspinous ligaments, ligamenta flava and capsule of the apophyseal joints. Tomography shows that the joint space of the apophyseal joints is frequently obliterated and in some cases it seems likely that these joints are completely ankylosed. In our experience hip ankylosis does not occur.
Differential diagnosis can be made radiologically by observing the absence of any evidence of a primary arthritis, viz. osteoporosis, subarticular cystic change, diminution of joint space and patchy sclerosis in the femoral head and acetabulum. Any arthritic change in the hips can be ascribed to osteoarthritis related to deformity or proliferative calcification in the soft tissues of the hip-joint, but in the majority of cases the joint space is remarkably well preserved and patchy sclerotic change minimal.
If further confirmation is required, characteristic changes can be observed in other parts of the skeleton, e.g. calcification and ossification in the interosseous membranes of the lower leg and forearm. In the latter situation this process can go on 46 to synostosis of the radius and ulna. Characteristic areas of ossification are found in the wrist and carpal regions, particularly in the triangular ligament of the inferior radioulnar joint. Roughening of periosteal surfaces similar to those in the pelvis is found in the shoulder girdle as well as elsewhere in the long bones and inferior margins of the ribs.
The foregoing shows how the effects of this form of osteomalacia on the hip in the child are very different from those in the adult. In the child the accent is on deformity due to bone softening with production of a coxa vara which is different in its development from those of glomerular osteodystrophy. In the adult deformities arising after growth has ceased are rare, and the emphasis is on this paradoxically increased bone density and curious tendency to soft tissue calcification and ossification, especially round muscular insertions.
This tendency, which *is particularly pronounced in the pelvic region, can cause diagnosis to be confused with ankylosing spondylitis, Reiter's disease and psoriatic arthropathy. Reference to the literature shows that many cases have in the past been misdiagnosed as ankylosing spondylitis. The occurrence of spondylitic-like changes in the sacroiliac joints and spine in 7 out of 9 patients examined suggests that these changes should be regarded as an intrinsic component of the disease in the adult, and not, as has been implied by some authors, as an incidental or complicating ankylosing spondylitis. 
